Summary. Juvenile hormones are sesquiterpenoids that regulate developmental processses such as metamorphosis and reproduction in insects. Insect juvenile hormone III (JH III), methyl-10R,11-epoxy-3,7,11-trimethyl-2E,6E-dodecadienoate, has also been identified in two sedge species, Cyperus iria and C. aromaticus (Toong et al. 1988) . Potential allelopathic activity of this compound and the structurally related sesquiterpenoid farnesol was investigated using seed germination and seedling growth assays with radish, lettuce and rice. Treatment of seeds with JH III delayed lettuce seed germination and potently inhibited rice shoot growth. Both farnesol and JH III inhibited the growth of C. iria seedlings. The antimicrobial activity of JH III was also tested on a taxonomic and ecologically diverse range of fungi. Using the classic cytotoxic disk assay, JH III did not effect growth of the fungal species tested. We believe that JH III may contribute to the aggressive nature of this invasive weed species.
Introduction
In the continual struggle against vertebrate and invertebrate herbivory as well as pathogen attack, sessile plants have evolved a diverse array of defensive strategies. One strategy against insect herbivory is the production of secondary metabolites that interfere with the physiology of the insect. In particular, targeting the endocrine system may make it difficult for the insect to develop counteradaptive strategies (Bowers 1991) . These compounds may interfere with insect endocrine functions by mimicking hormones, such as the juvenile hormone (JH) mimic, juvabione, originally isolated from Abies balsamea (L.) Miller, or the phytoecdysteroids. They may also interfere with the biosynthesis of these hormones, for example the precocenes, isolated from Ageratum houstonianum Miller, that destroy the endocrine site of JH production (Bowers et al. 1966 (Bowers et al. , 1976 Adler & Grebenok 1995) . Recently, insect juvenile hormone III (JH III) and its biosynthetic precursor in insects, methyl farnesoate, were identified in the sedges, Cyperus iria L. and C. aromaticus (Ridley) Matt. & Kü k. (Fig. 1) (Toong et al. 1988) . This was the first report of the presence of an insect JH in a plant.
In insects, the role of JHs in the regulation of metamorphosis and reproduction is well defined, although the mechanisms of action are not completely understood (Gilbert et al. 1996) . During development, haemolymph JH titers are closely regulated. Therefore, topical application of JH or synthetic analogues to susceptible insects can result in the inappropriate retention of juvenile characteristics at the next moult (Sehnal 1983) . Treatment of insect eggs with these compounds may cause immediate ovicidal or delayed developmental effects (Sehnal 1983) .
The presence of JH III in C. iria suggests that this compound may protect the plant against insect herbivory. Developmental studies compared third stadium nymphs of the grasshopper, Melanoplus sanguinipes, reared on either wheat seedlings or C. iria (Toong et al. 1988) . At the imaginal (adult) stage, grasshoppers reared on C. iria exhibited morphological abnormalities (e.g. twisted wings, colour changes) indicative of disrupted metamorphosis. Adult female grasshoppers were also infertile. Cyperus iria leaves were larvicidal following addition to water containing the mosquito, Aedes aegypti (Schwartz et al. 1998) . Plant JHs may also affect insect egg development and, indirectly, subsequent herbivory. Eggs of the Dipteran leafminer, Hydrellia sp., did not hatch following oviposition on leaves of C. iria (Meneses-Carbonell & Garciá de la Osa 1988) .
In other studies, association with C. iria had no apparent effect on insect development in the planthoppers, Nisia stro6enosa and N. ner6osa, the rice water weevil, Lissorhoptrus bre6irostris, the node-feeding black bug, Scotinophara latiuscula and the rice stink bug, Oebalus pugnax (Naresh & Smith 1984; MenesesCarbonell 1985; Dela Cruz 1986; Barrion & Litsinger 1987) . It is unclear if the insect species in these last examples escaped the detrimental developmental effects of JH III through metabolism or sequestration of the ingested hormone or by avoidance of plant tissues containing high levels of this compound (Dowd et al. 1983; Lindroth 1991) . The ability of C. iria to interfere with insect development, presumably as a consequence of the presence of JH III, has clearly been demonstrated (Toong et al. 1988; Schwartz et al. 1998) . However, conclusive evidence that this hormone protects the plant from insect herbivory has not been forthcoming. Sedges, such as C. iria, are nutritionally poor and contain high silica levels which are thought to deter insect herbivory (Vicari & Bazely 1993) . The basal meristematic tissue of these plants also allows them to tolerate herbivore grazing. Therefore, the objective of the present study was to explore other potential biological activities of JH III in the plant.
Cyperus iria is a tufted, annual sedge with a widespread distribution throughout Asia and Africa (Holm et al. 1977; Catling 1992) . In many areas, this plant is an invasive weed of crops, particularly rice. In a search for allelopathic compounds, Komai et al. (1981) isolated methyl farnesoate and farnesol from the closely related sedge, C. serotinus Rottb. (Fig. 1) . These compounds exhibited potent inhibitory activity on shoot growth of lettuce and rice seedlings and are also biosynthetic intermediates of JH III in insects (Schooley & Baker 1985; Cusson et al. 1991) . The structural similarities between these acyclic sesquiterpenoids suggest that JH III may play a similar role in C. iria (Fig. 1) . The present investigation compared the allelopathic activity of JH III on seed germination and seedling growth of radish, lettuce and rice with the structurally related sesquiterpenoid farnesol, as its biological activity is well documented (Wardle & Simpkins 1980; Wardle & Short 1982; Wardle et al. 1986) . The activity of these compounds on the growth of C. iria seedlings was also measured. In the second part of our study, the antimicrobial activity of JH III on a range of fungal species, representing plant pathogens, coprophilous and soil fungi, was determined.
Material and methods

Plant material
Sedges were grown from seeds obtained from Dr. Y. C. Toong (Penang, Malaysia) in the greenhouse. Plants were grown in organic potting mix and kept continuously moist. Temperatures ranged from approximately 22°C (winter) to ambient (summer). Voucher specimens of C. iria have been deposited at the Royal Ontario Herbarium, Canada (TRT).
Chemicals
All solvents used were HPLC grade from Burdick & Jackson, unless otherwise noted.
Extraction of ju6enile hormone III from roots of Cyperus iria
Juvenile hormone III was extracted from two to three month old plants. Root tissue was ground in acid-washed sand (Sigma) and liquid nitrogen and then extracted overnight in pentane at room temperature. The extract was evaporated to near dryness and subjected to column chromatography over an anhydrous sulphate (BDH)-hydroxyapatite column (HA, BioRad) to remove chlorophylls and other contaminants. A Pasteur pipette HA column was prewashed with ethyl ether (5 ml) and iso-octane (5 ml), before adding the sample, then washed with 5 ml pentane and eluted with pentaneether (70 : 30) . Following solvent evaporation under nitrogen (Canox), the sample was resuspended in hexane for final purification.
High performance liquid chromatography (HPLC)
Juvenile hormone III was purified from root extracts by HPLC (Perkin-Elmer 410 liquid chromatograph) by normal phase chromatography on a Spheri-5 silica column (Brownlee, 250 × 4.6 mm). The mobile phase was 10% half-water saturated ethyl ether in hexane at a flow rate of 1 ml/min. Juvenile hormone III was monitored at 219 nm (Applied Biosystems 1000S Diode Array Detector) and identified on the basis of retention time relative to standards (Sigma, racemic, approx. 88% pure).
Stock solutions
Juvenile hormone III fractions collected from HPLC were pooled and the solvent evaporated. Juvenile hormone III stock solution was prepared in hexane and re-analyzed by HPLC to confirm the concentration. Stock solutions of farnesol (96% purity, mixture of isomers, Aldrich) were prepared in hexane.
Tritiated ju6enile hormone III
Radiolabelled JH III was biosynthesized through the incubation of 3 H-methionine with corpora allata (CA) from the cockroach, Diploptera punctata, followed by purification by HPLC (Tobe & Clarke 1985; King & Tobe 1988) . The CA from day 5 mated female cockroaches were dissected and incubated in methionine-free TC 199 medium, containing 2% Ficol (Pharmacia, Biotech), 1.3 mM CaCl 2 . 2H 2 O (Analar, BDH), 40 ml farnesoic acid (a gift of Dr. F. C.
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Baker, 70% pure) and L-[ 3 H-methyl]-methionine (Amersham, specific radioactivity 3.11 TBq/mmol) overnight at 27°C. The aqueous medium was extracted twice with iso-octane. Pooled organic fractions were eluted through a silica column (Sep-pak, Millipore) and the resulting eluent evaporated under nitrogen and resuspended in hexane. Final purification of enantomerically pure [ 3 H-methyl]-10R-JH III was by HPLC. Again, the solvent was evaporated and the stock solution prepared in toluene. When used in an assay, 3 H-JH III was added to a polyethylene glycol (PEG) (MW 15 000-20 000, Sigma)-treated scintillation vial (20 ml, VWR Canlab). The toluene was evaporated under nitrogen and the solution prepared in hexane.
Solubility of ju6enile hormone III
Tritiated JH III stock solution was prepared in hexane, an aliquot placed in a 2 ml vial with cold JH III (Sigma, 0 to 8.8 mM) and the solvent evaporated. After the addition of 0.5 ml sterile distilled water, vials were tightly capped and sonicated for 3 hours in a water-bath (Cole-Parmer, ultrasonic cleaner, 8845-4) to form finely dispersed micelles. The solution was allowed to settle for 3 days at room temperature. Four aliquots of the aqueous solution were removed using a disposable glass Accupette pipette (Canlab). Scintillation fluid (Cytoscint, ICN) was added and the radioactivity of the sample measured using a Beckmann LS 6500 Scintillation Counter (N =3). The experiment was repeated twice.
The aqueous solubility of JH III was estimated to be 1.3 mM. This is in agreement with the predicted solubility of JH III which is 0.86 mM (Advanced Chemistry Development) and the literature in which the solubility has been reported to be \ 200 mM in 5 mM Tris-HCl, pH 8.3 (Kramer et al. 1976) . It is also consistent with reports on the solubility range of oxygenated terpenoids (Weidenhamer et al. 1993) . The biological assays in this paper were performed using JH III solutions between 0.01 to 1.0 mM, concentrations below its limit of solubility in aqueous solution. It should also be noted that JH III may be present in even higher concentrations in specialized compartments such as oil bodies in planta.
Osmotic potential and pH
Osmolarity and pH may affect seed germination and seedling growth (Anderson & Loucks 1966; Reynolds 1975a,b) . The osmolarity and pH of JH III and farnesol solutions was measured using a Vapro vapour pressure osmometer 5520 (N = 3) and pH meter (N= 1) and compared to the hexane control. The osmotic potential of these solutions was 31.5 91.5 and the pH was 7.059 0.04. Therefore, any allelopathic activities observed were not the result of differences in osmolarity or pH between the test solutions and the control.
Allelopathic assays
The effects of farnesol and JH III on seed germination and seedling growth were tested on radish (Raphanus sati6us L. var. Cherry Belle, McKenzie), lettuce (Lactuca sati6a L. var. Grand Rapids, McKenzie) and rice (Oryza sati6a L. cultivar AI-NAN-TSAO, seeds obtained from Dr. D. Saini (Montreal, Quebec)). Activities were also tested on C. iria seedling growth (seeds originally obtained from Dr. Y. C. Toong (Penang, Malaysia)). Under sterile conditions, 0.5 ml of sterile distilled water and 50 ml of test solution (hexane (control) or farnesol or JH III in hexane) were added to seeds on sterile filter paper (Ahlstrom) in 6 well plates (Nunc). Plates were incubated in a growth chamber under a 14 : 10 light-dark cycle (22 000 lux) at 26 92°C. The following numbers of seeds (mean 9 SEM, median) were added to each well: radish (52.5 9 0.7, 51.5), lettuce (54.5 9 0.9, 53.0), C. iria (102.1 9 7.0, 85.0) and rice (13.2 9 0.1, 13.0). Percentage seed germination (defined as extension of the radicle 2 mm from the seed coat) was monitored over the next 3-5 days. For each plant species, six replicates were performed.
At days 3, 4 and 5 for radish, lettuce and rice, respectively, shoot and root tissues were excised, dried at 50°C overnight and dry weights recorded. At day 6, the entire C. iria seedling was dried and weighed.
Affinity of ju6enile hormone III for plastic
Juvenile hormone III adsorbs strongly to plastic (Giese et al. 1977) . Its affinity for the plastic plates used in the allelopathic experiments was determined, using the procedure established for the seed germination and seedling growth assays. Tritiated JH III was added to the 6 well plate containing filter paper and an aqueous solution of cold JH III (0.1 to 1.0 mM). After three days, the medium was removed and extracted twice with iso-octane. The organic phases were pooled, evaporated and resuspended in 100 ml of iso-octane. After addition of scintillation fluid, the radioactivity of the sample was measured (N =3). Blanks were subtracted. The experiment was repeated twice. At all the concentrations tested (0.01 to 1.0 mM JH III), \83.3% of the JH III was recovered. Therefore, in the assay, it is assumed that the concentration of JH III approximates the amount to which the seeds are exposed.
Antifungal acti6ity
Five ml of test solution (JH III (1.0 mM or 10.0 mM) or hexane (control)) was added to a sterile disk (Ahlstrom, grade 601) placed 3 cm from the edge of a Petri plate (Fisher, 100× 15 mm) containing 20 ml modified Leonian's agar (Malloch 1981) . (insect pathogen), Trichoderma 6iride (mycoparasitic soil fungus), Fusarium oxysporum (crown rot and vascular wilt pathogen), Stachybotrys chartarum (cellulophilic indoor contaminant), Penicillium chrysogenum (food spoilage agent), P. funiculosum (mycoparasitic soil fungus), Sordaria fimicola (coprophilous) and Podospora araneosa (coprophilous). The zone of inhibition around the disk was measured 5 -21 days post-inoculation, depending on the rate of fungal growth (N =2).
Statistics
Analyses were performed using the statistical package SPSS 7.5. One-way Analysis of Variance (ANOVA) was used to compare the effects of JH III on shoot, root and seedling growth. Statistical significance was determined using a Tukey HSD post-hoc test. Repeated measures ANOVA was used to analyze seed germination and fungal mycelial growth.
Results
Effect of farnesol and ju6enile hormone III on seed germination
Farnesol significantly delayed germination of radish, lettuce and rice seeds (Fig. 2a, 2c and 2e ). In the presence of 1 mM farnesol, seed germination of radish, lettuce and rice was inhibited by 56.7%, 54.1% and 18.4% on days 2, 3 and 2.5, respectively. However, on days 3, 4 and 5, respectively, there was no significant inhibition of radish, lettuce or rice seed germination at any of the farnesol concentrations tested compared to the hexane control.
JH III did not affect radish or rice seed germination at the concentrations tested ( Fig. 2b and 2f) . A delay of lettuce seed germination was observed (Fig. 2d) . In the presence of 1 mM JH III, lettuce seed germination was reduced by 43.9% at day 4.
Effect of farnesol and ju6enile hormone III on seedling root growth
Application of farnesol to radish or lettuce seeds had no significant effect on root growth at the concentrations tested (Fig. 3a and 3c ) whereas a concentrationdependent decrease in root growth was observed in the case of rice (Fig. 3e) . Treatment of rice seeds with 1.0 mM farnesol resulted in a 28.0% inhibition of root growth.
Treatment of radish, lettuce and rice seeds with JH III did not significantly affect root growth, compared with hexane controls, at the concentrations tested (Fig.  3b, 3d and 3f) .
Effect of farnesol and ju6enile hormone III on seedling shoot growth
Neither farnesol nor JH III significantly affected shoot growth of radish or lettuce at the concentrations tested ( Fig. 4a-d) , whereas both reduced rice shoot biomass ( Fig. 4e and 4f) 
Differences between farnesol and ju6enile hormone III acti6ity
Farnesol and JH III are structurally related acyclic sesquiterpenoids (Fig. 1) . In these assays, distinct biological activities for farnesol and JH III on seed germination and seedling growth were observed. Both compounds inhibited the germination of lettuce seeds and the growth of rice seedlings shoots and C. iria seedlings. Farnesol and JH III had no effect on the root and shoot growth of radish or lettuce seedlings. However, farnesol has a broader range of activity and also inhibited radish and rice seed germination and the root growth of rice seedlings.
Antifungal acti6ity of ju6enile hormone III
No clear antimicrobial activity of JH III was observed on any of the fungi tested. However, variable inhibition of mycelial growth was observed in Ascobolus crenulatus and Sclerotinia sclerotiorum raising the possibility that there is a general inhibition of growth by this volatile compound rather than a discrete zone of inhibition. Fig. 4 Activity of farnesol (A, C, E) and juvenile hormone III (JH III) (B, D, F) on radish (A and B), lettuce (C and D) and rice (E and F) seedling shoot growth. The compound was applied to the seed and the shoot biomass (dry weight) was measured 3, 4 and 5 days after treatment for radish, lettuce and rice, respectively. Each bar represents the mean of six experiments 9 standard error. Bars with different letters are significantly different (one way ANOVA, P B0.05)
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Discussion
The identification of JH III in C. iria and C. aromaticus is a unique example of the production of an insect juvenile hormone by a plant. The temporal and spatial distribution of JH III in C. iria demonstrates the dynamic fluctuations of this compound throughout development (Bede et al. 1999) . In immature plants, JH III increased until flowering at which time cessation of plant growth and a transient decrease of JH III in all plant tissues was observed. In older plants, the levels of this compound increased until seven months. At this time, aerial tissues became senescent and JH III levels in these tissues again declined. However, JH III levels in the root tissue, which remained viable, did not change significantly between seven and eight months.
Most notably, during the entire growth phase, from the seedling to senescent plant, the highest levels of JH III were found in the root tissue. Roots of seven month old mature plants contained 102 nmoles JH III per gram fresh weight. This leads us to question the function of these high amounts of JH III that are produced by the plant and localized in the root tissues.
It is tempting to speculate that JH III may be involved in protection of the plant against insect herbivory. Since there is no evidence that JH III functions as a feeding deterrent, any antiherbivory activity would stem from its ability to interfere with insect development. However, there is only a short, stage-specific window during which treatment of an insect with JH III can potentially interfere with development (Nijhout and Wheeler, 1982) . In fact, arrest of larval develop Vol. 10, 2000 Fig. 5 Activity of farnesol (A) and juvenile hormone III (JH III) (B) on Cyperus iria seedling growth (dry weight). The compound was applied to the seed and the seedling was measured on day 6 after treatment. Each bar represents the mean of six experiments 9stan-dard error. Bars with different letters are significantly different (one way ANOVA, P B 0.05)
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Inhibition Inhibition (df=23, F= 9.988; PB0.001) (df= 23, F =8.828; P = 0.001) ment may prolong the feeding stage of the insect and result in increased consumption of the target plant. In adult insects, JH III can interfere with reproduction, if present at inappropriate times. However, there would be an appreciable lag time before a reduction in insect herbivory was noted, since the effects of JH III consumption by the female would only be manifested in the offspring. The present investigation evaluated the potential allelopathic and antimicrobial activity of JH III.
The observed allelopathic activities of farnesol were consistent with the literature. Inhibition of lettuce seed germination by farnesol was also observed by Wardle & Short (1982) and Komai et al. (1981) who showed that 1 mM farnesol did not affect lettuce seedling root elongation. However, contrary to our results, Komai et al. (1981) observed that 1 mM farnesol did not affect rice root elongation and at higher concentrations, stimulation of root growth was observed. This discrepancy may have resulted from differences in rice cultivar, experimental conditions or the measurement parameters used. In the present investigation, seedling dry weight was used as an indicator of growth whereas Komai et al. (1981) directly measured root elongation. Wardle & Short (1982) found that barley root elongation stimulated in the presence of farnesol (83 mM) was the consequence of an increase in root meristem tissue (Wardle et al., 1986) . However, a reduction in root hair formation was also observed. Therefore, farnesol may affect root elongation and dry weight differently. Komai et al. (1981) also reported that 1 mM farnesol inhibited elongation of lettuce hypocotyls. Again, this differed from our results and these discrepancies can be attributed to differences in cultivars and/or experimental methodology.
Cyperus iria is an aggressive weed of many crops, particularly rice. In deepwater rice, this plant ranks among the worst weeds where it is prominent in marginal habitats before flooding (Pons 1985; Farjardo & Moody 1990; Catling 1992; Sahid & Hossain 1995) .
The results from this study suggests that the invasive properties of C. iria may, in part, be attributable to JH III. This compound delayed germination of lettuce seeds. This activity may confer an ecological advantage to C. iria by affecting the germination of potential competitor plant species in the immediate vicinity. Juvenile hormone III also potently inhibited rice seedling growth; shoot biomass was 24% lower than controls in the presence of 1.0 mM JH III. This compound was also autotoxic to C. iria. Autotoxicity is a common phenomena observed in a number of plant species (Putnam & Tang 1986; Rizvi & Risvi 1992) . However, the extent of inhibition of C. iria growth by JH III was much lower than its effect on rice shoot growth.
The question remains as to whether the concentration of JH III in the root rhizosphere is sufficient to exert a biological impact on competing plants. Allelochemicals are released from the roots into the environment through active exudation or leaching from dead and decaying tissue (Einhellig 1986 ). The undisturbed environment of the soil may allow released compounds to accumulate, forming a concentration gradient (Tang 1986 ). Retention of terpenoids has been observed in loam and clay soils (Dudai et al. 1999) . The concentration in the root microenvironment may also increase through the formation of micelles, or through solubilization in biological surfactants (Einhellig 1986; Weidenhamer et al. 1993) . Metabolites may also be directly transferred between plants through root grafts, fungal mycelial bridges or haustoria of parasitic plants (Rice 1984) .
A further consideration in the evaluation of these data is that germination assays overestimate the amount of compound needed to obtain a response (Weidenhamer et al. 1987 (Weidenhamer et al. , 1994 . Also, exposure to continual, ''suboptimal'' influxes of allelochemicals may be sufficient to elicit a biological response (Blum & Rebbeck 1989; Williamson & Weidenhamer 1990) .
In this investigation, JH III (1 mM) delayed lettuce seed germination and exerted a potent inhibitory effect on the shoot growth of rice seedlings. Mature C. iria plants contain approximately 1.2 mmoles JH III per root. With the above examples of direct metabolite transfer, the possibility of increased concentration in the soil through retention and micelle formation and the demonstration that constant, low levels of allelochemicals can produce a biological response, it is possible that JH III contributes to the ecology of C. iria either through a delay in seed germination or an inhibition of the growth of competing plants. Further experimentation characterizing JH III levels in C. iria root leachates and the biotransformation of this compound in the soil must be conducted before conclusions about its biological function can be reached.
Terpenoids may also possess antimicrobial activity (Langenheim 1994). In the aromatic plant Satureja thymbra, the essential oils are believed to influence the ecology of the soil microbiota through the inhibition of fungal spore germination and growth and stimulation of bacterial growth (Vokou et al. 1984) . JH III was not cytotoxic to any of the fungi tested. However, a minor decrease was observed in the mycelial growth of Ascobolus crenulatus and Sclerotinia sclerotiorum. The latter fungus has been isolated from the related sedge species, C. rotundus (Singh & Singh 1986) and is the causative agent of a number of economically important plant diseases (Agrios, 1988) .
Structurally similar acyclic sesquiterpenoids have been isolated from several related Cyperus species, as well as unrelated plants. For example, the biosynthetic intermediate of JH III (in insects), methyl farnesoate, has been isolated from C. iria, C. microiria Steud., C. monophyllus Vahl., C. pilosus Vahl. and C. serotinus Rottb., as well as from grapes and the bark of Polyalthia 6iridis Craib (Iwamura et al. 1978a,b,c; Iwamura 1979; Toong et al. 1988; Kijjoa et al. 1990; Versini et al. 1994) . The linear sesquiterpenoid methyl (E,E)-10,11-dihydroxy-3,7,11-trimethyl-2,6-dodecadienoate has been isolated from a South American canopy tree, Hortia regia Sandwith., and an African rainforest tree, Cleistopholis patens (Benth.) Engl. and Diels and Cl. staudtii (Engl. & Pierre) (Waterman & Muhammad 1985; Jacobs et al. 1987; Tane et al. 1988 ). This compound is identical to JH III except for the hydration of the epoxide to a 6icinal diol. Because of the susceptibility of the epoxide to hydrolysis in the presence of trace amounts of acid or base, this compound may be an artifact produced from JH III by contaminants in the extraction solvent. Therefore, we believe that JH III may be present in other plant species, but the labile nature of this compound prevented its detection.
The isolation of JH III from two sedge species, its presence in C. iria throughout development and the identification of structurally similar compounds from a diverse range of plant species, suggests that this compound may have important biological roles in plants. The present investigation has demonstrated that treatment of seeds with JH III resulted in a delay of lettuce seed germination and the potent inhibition of rice seedling growth. Therefore, JH III may, at least in part, be responsible for inhibition of the germination and growth of surrounding plant species, providing C. iria with an ecological advantage. However, other potential biological functions of JH III, such as in plant defense against insect herbivory, bacterial or nematode invasion, or synergistic biological activities with other compounds cannot be discounted.
